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Agricultural Chemistry, having received a Master's Degree of Agriculture in March, 1992. 
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JP-A-4-1 88065 and Attachment B is an accurate English translation made by me of 
Attachment A. 
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SPECIFICATION 

1. Title of the invention 

Device and method for analyzing liquid sample 

2. Scope of the claims 

1. A device for analyzing a liquid sample comprising a support, a reagent 
layer provided on said support and a covering which covers at least said reagent layer, 
is fixed to said support to form a capillary room between said covering and said support 
and has an opening for supplying a sample and an air outlet opening. 

2. The device according to claim 1, wherein said reagent layer is formed 
on a transparent film and said film is fixed to said support. 

3. The device according to claim 2, wherein said transparent film is a 

porous film. 

4. A method for analyzing a liquid sample using a device for analyzing a 
liquid sample according to any one of claims 1 to 3, which method comprises supplying 
a liquid sample from an opening for supplying a sample in the covering and optically 
detecting passage of said liquid sample through the capillary room to determine the 
sample supply timing. 

5. The method according to claim 4, wherein passage of said liquid sample 
over said reagent layer is optically detected. 

3. Detailed description of the invention 
[Industrial application field] 

The present invention relates to a device and a method for analyzing a 
liquid sample, in particular, for analyzing a component or components contained in a 
body liquid including a blood sample such as a whole blood or serum, urine and liquor 
cerebrospinalis. 

[Background art and problems to be solved by the invention] 

Recently, to quickly and simply analyze a component or components in a 
liquid sample, in particular, a body liquid such as blood, it is considered useful to use a 
reagent fixed on a solid support in place of a reagent solution for analysis. 

For example, Japanese Patent Publication No. 33800/1974 discloses a 
water-resistant test film comprising a plastic film carrying a reagent layer which 
comprises a polymer and a detection system including an oxidase and hydrogen 
peroxide dispersed in the polymer. In the analysis using this test film, since a 
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generated pigment is measured from a side from which the sample is supplied, the 
sample such as the whole blood or the serum should be wiped off with absorbent 
cotton after contacting the sample with a reagent layer for a certain time period. In 
addition, in order to supply a sufficient amount of oxygen to the reagent layer to 
develop a color, the test film should be kept in air for a specific time period after wiping 
off the sample. 

Japanese Patent Publication No. 21677/1978 discloses a multi-layer test 
film comprising a liquid-impermeable transparent support, a reagent layer formed on 
the support and a spreading layer formed on the reagent layer. When a liquid sample is 
spotted on the spreading layer, it spreads in the spreading layer and then migrates into 
the reagent layer. When a pigment is generated through a reaction between a reagent 
in the reagent layer and a component in the sample, it is measured from the 
transparent support side, and then the wiping off of the sample is not necessary. 
However, since the reagent layer is sandwiched between the spreading layer and the 
support, oxygen in the air hardly reaches the reagent layer. In particular, when the 
reagent layer contains an oxidase, a sufficient reaction cannot take place due to 
shortage of oxygen. 

To overcome such defects, Japanese Patent Kokai Publication No. 
82859/1985 proposes an integral type multilayer chemical analytical element. This 
analytical element has an oxygen-permeable protein-impermeable light-shielding layer 
between the spreading layer and the reagent layer, whereby contact of the reagent 
layer to air is facilitated. However, since a surface of the reagent layer on the support 
side cannot contact to the air, a sufficient amount of oxygen is not supplied to the 
reagent layer. 

An analytical element disclosed in Japanese Patent Kokai Publication No. 
205364/1985 has a hydrophobic porous layer for supplying oxygen between the 
reagent layer and the support, whereby the reaction in the reagent layer containing the 
oxidase is greatly facilitated. Since this oxygen-supplying layer has a relatively large 
thickness for keeping a sufficient amount of oxygen therein, transparency from the 
support side is not achieved, so that the generated pigment should be measured from 
the sample-supply side after wiping off the sample. 

An analytical element disclosed in Japanese Patent Kokai Publication No. 
101757/1988 comprises a porous reagent layer element and a support having 
perforations. Oxygen is supplied from a surface of the reagent layer on the perforated 
support side, and the generated pigment is measured from a side opposite to the 
sample supply side. Therefore, it is not necessary to wipe off the sample. Since it is 
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possible to automatically detect the supply of the sample on the analytical element 
when a measuring apparatus is used in combination with this analytical element, 
accuracy of the reaction time measurement and simplicity of measurement are greatly 
increased. Since the supply of the sample is detected using the transparency of the 
reagent layer at the same place as the generated pigment is measured, the 
measurement is influenced by hemocytes when the whole blood is to be analyzed. To 
remove the influence of the hemocytes, the measurement should be done by a double 
wavelength method, so that a structure of the measuring apparatus and a correction 
method become complicated. 

An object of the present invention is to provide a device and a method for 
analyzing a liquid sample, which can solve the drawbacks of the above described prior 
arts. 

[Means to solve the problems] 

The present invention provides a device for analyzing a liquid sample 
comprising a support, a reagent layer provided on said support and a covering which 
covers at least said reagent layer, is fixed to said support to form a capillary room 
between said covering and said support and has an opening for supplying a sample 
and an air outlet opening, and a method for analyzing a liquid sample using the device 
for analyzing a liquid sample of the present invention, which method comprises 
supplying a liquid sample from an opening for supplying a sample in the covering and 
detecting passage of said liquid sample over said reagent layer to determine the 
sample supply timing. 

In the device for analyzing a liquid sample according to the present 
invention, preferably a reagent solution is applied on a transparent film, preferably a 
transparent porous film and then dried to form a reagent layer, and the transparent film 
carrying the formed reagent layer is fixed on a support, preferably over a small hole 
formed in the support. Generally, the hole has a diameter of 2 to 10 mm. Then, the 
covering is fixed to the support. According to the present invention, the covering is 
slightly apart from the support and the reagent layer, so that the capillary room is 
formed between the covering and the reagent layer. A distance between the covering 
and the support or the reagent layer is not critical. However, if this distance is too large, 
the sample cannot be quickly spread in the capillary room by capillarity. If this distance 
is too small, smooth spreading of the liquid sample is prevented by a surface tension 
and a viscosity of the liquid sample. Usually, a distance between the covering and 
the support or the reagent layer is from 0.05 to 0.5 mm, preferably from 0.1 to 0.3 mm. 
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The transparent film and the covering can be fixed to the support by 
thermocompression bonding with the use of a thermoplastic resin, or with a double- 
coated adhesive tape. 

The covering has an opening for supplying the liquid sample and an air 
outlet opening on the respective sides of the reagent layer. These two openings may 
be formed by perforating the covering, or may be slits formed by cutting out respective 
parts of the covering. 

The transparent film and the reagent layer may have the same structures 
as those disclosed in Japanese Patent Kokai Publication No. 150751/1990 and EP-A- 
371 513. 

Now, one preferred embodiment of the device for analyzing a liquid sample 
according to the present invention will be explained by making reference to the 
accompanying Figure 1. 

Figure 1 schematically show a cross section of the device for analyzing a 
liquid sample according to the present invention. 

The device shown in Figure 1 comprises a transparent support 1 having a 
small hole 1 1 , a transparent porous film 2 fixed to the support 1 with covering the hole 
11, a reagent layer 3 which is formed on a film surface which does not contact to the 
support, and a covering 5 which covers at least the reagent layer 3 and is fixed to the 
support 1 in such way that a capillary room 4 is formed between the covering 5 and the 
support 1. 

The covering has an opening 51 for supplying the liquid sample and an air 
outlet opening 52. When the liquid sample is supplied from the opening 51, it quickly 
spreads to a sample detection section 53 with wetting the reagent layer 3 by the 
capillarity and the gravitational flow effect. Accordingly, when the device of the present 
invention is set in a suitable measuring apparatus and the liquid sample is analyzed, at 
substantially the same timing as spotting of the sample (only one second later), the 
spreading of the sample to the sample detecting section 53 is detected through change 
of light reflectance at a sample detection point in Figure 1. Then, a timer of the 
measuring apparatus is automatically actuated and, after a specific time period, the 
measurement is automatically started to give results. In the present invention, since it 
is not necessary to make measurement from the reagent side, the reagent layer can be 
opaque. In addition, since the measurement is not influenced by the hemocytes, the 
measuring apparatus can be made simple. 

4. Brief explanation of the drawing 
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Figure 1 schematically show a cross section of one embodiment of the 
device for analyzing a liquid sample according to the present invention. 
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Measurement 

Sample detection 



